General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



I 



< 


KRYTOX LUBRICATION TAPF. STUDY 

(*!AS A-C9-1S6P2 7) KPTTPX TnRPirATTm TAPE N7B-’? 1 ;?? 

STUDY ’’’ochrical Report, Kov. 197*5 - Aug. 

197fc (Radio CorF. of fsrrica) 77 p H r 

AO 3/BF R 01 CSCl 1UP Unclas 

G 3/4 3 33487 

CONTRACT NO. NAS5-22574 


PREPARED BY: 



FRANK LEE 
RECORDING SYSTEMS 
RCA - GCSD 

CAMDEN, NEW JERSEY 08102 
PREPARED FOR; 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MARYLAND 20771 


\ 


\ 



Information Processing & Recording Systems 
Government Communications Systems Division 
Camden, New Jersey 


APRIL 1978 


PERIOD: NOVEMBER 1975 - AUGUST 1976 


SUMMARY 


The investigation into the use of Krytox, a fluorinated 
oil, as a tape surface lubricant did not result in its 
incorporation in the Lamlsat C wideband video tape 
recorder. Unfortunately, the tape used in this evalua- 
tion was found to be excessively abrasive to the magnetic 
heads. In spite of the 5 to l head wear reduction credited 
to the surface lubricant, the resultant head life fell short 
of the 1500 hour qoal. Time limitations did no. allow a 


second trial with another tdfu. 
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1. Introduction 


l , 1 Per form* nc g History of the Landsat (FRTS> Wideband Video Tap* Recorder 
(WBVTR ) 

A WBVTR In Landsat A, launched In July I**??, operated tor approximately 
1000 hour* before complete tape breakdown rendered It useless. This 
orbit hlatory substantiated the raanv tape life test results obtained 
during the development stage of the Landsat recorder. Life test data 
ranged from 1000 hours to as high as 2000 hones and indicated that tape 
breakdown could be anticipated after the 1000 hour point. Short of 
random electrical or mechanical component failure, the WBVTR was con- 
sidered capable of achieving operational life of 1000 hours or 2000 
tape passes. Since this was a program design goal, it was considered 
adequate for Landsat A and B*. 

1.2 Life Im prove ment 

Landsat C, the next in this series of Earth Observatory Programs, 
provided for a general upgrading of the spacecraft for extension of 
life. A tape life goal of 1500 hours or 3000 passes was established 
for the WBVTR and to achieve the additional life, RCA considered two 

areas: 

1. Headwhe el Panel Modif ication 

The present landsat headwheel panel had evolved from an initial 
design where 250 hours of tape life was acceptable. The increase 
in tape life to the present apparent 1000 hours was in a large 


* At the time of this writing, a WBVTR in Landsat B launched January 1^75 

has passed 1000 hours of operation accumulated over a three year period 
and is still operating with no degradation. 
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part duo to a redesign of the headwheel panel. With more recent 
knowledge gained over the yeur* About the tape breakdown mechanism. 
Add 1 1 loitA 1 heAdwheel panel changes were suggested to Increase the 
life of the tape, 

2. Surface I.uhrlc.it Ion of Tap e 

A process developed and patented bv the llllnoia Institute of 
Technology Reaearch Institute (1ITU1) for the use and Application 
of Krvtox, a fluorlnated oil, to magnetic tape to act aa a surface 
lubrlca.it. llils process has been found to Increase both head and 
tape life In other recorder appi leaf Ions. 

After some review, It was Jointly derided to concentrate solely on 
the surface lubrication techniques tor tape life Improvement. The 
vigors of changing a high precision component as the headwheel panel 
and the possible Impact on the lavout ot the tape deck was considered 
too great for the theoretical improvement. However an encouraging 
attempt to consider a Krvtox surface lubricant was made at RCA during 
the Landsat P period, 1^7 1-1^74, l' sing an RCA TR-70 broadcast video 
tape recorder and a Krvtox treated 1M500 tape, 10,000 passes were 
achieved with no signal degradation on a short test sample as compared 
tv' an untreated sample that survived only 1000 passes. In the sub- 
sequent attempt to treat the Landsat tape, ( 3M-MTA20237 7Set'dl an 
excessive amount of lubricant was used or left on the tape surface 
which led to a severe case of st let Ion and prevented further testing. 
This was believed to be in part due to the rougher surface of the 
MTA 20237 tape, as compared to the JM500, trapping more lubricant 
and in part due to the manual application of lubricant techniques 
then used. The Krvtox consideration was then dropped because schedule 
conini tments did not allow further work. Since then, 11TRI has devel- 
oped a coating machine which promised to eliminate the variables of 
manual application. 
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2. Tape lraj> r i'V«i ent Program 

Ki\A in conjunction with IITK1 was to develop the tap*' surface lubri- 
cation paramet or * with the objective of achieving 1500 hours ot oper- 
ation rellablv. Vlie program developed two major tasks. 

2.1 Tape Sele ct ton 

The 1>1 formulation KTA 20’ 17, used In the Landsat recorders. In a 
version of a tape developed during the mid '60'a. Its main attribute 
Is a "hard" oxide binder svstem designed to withstand high temperature 
operation, however. It sacrifices signal to noise and surface smooth- 
ness. With the proliferation of transverse scan video recorders and 
all the tape development it engendered. In all likllhood a modern 
commercially available tape would be more suitable for improved Landsat 
performance. t’oninerc tally available tapes would be reviewed and the 
most promising would be evaluated along with the MTA 20237. 

All the flight recorders up to tills point used tape ot the type 
MTA 20237 from one batch or lot designated T^on**. Toward the end of 
the Landsat h Program, a now lot ot MTA 20237 designated 87784 was 
ordered as a backup to the dwindling supply. Hits new lot was to be 
considered as potential tape stock for Landsat 0. It is a program 
requirement that every separate tape lot be qualified before It is 
acceptable for WHVTR use. The Tape Qualification Vest is comprised 
of two parts: 

l. IMjjh Tempe ratu re Vest 

A short section of tape, ' to ** minutes long Is subjected to two 
cycl«s of 50 1> C operation in the WBVTR. The headwheel is checked tor 
gunktng. glaring and cleanliness of operation. Hiis test serves 
to evaluate the durability 'f the oxide binder system. 
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2. Life Tenting 

The WBVTR with a full tape load, 30 minutes minimum, is cycle 
tested until failure to develop head wear data and life proper- 
ties of the tape. For this program, all candidate tapes were 
required to pass the High Temperature Test before further con- 
sideration as a surface lubricated prospect. 

2 . 2 Surf ace Lub rication 

The selected tape was then to be treated with a range of lubricant 
levels and evaluated to determine the optimum. Lubricant thickness 
determination would be based on the life extension testing on the 
TR22 at IITRI and compatibility testing at RCA on the WBVTR. Only 
the final selected tape and lubricant thickness would undergo the 
Tape Qualification Test. 

3 . Roles of Participants 

3. 1 IITRI's Function 

3.1.1 Characterization Tests 

A set of tests measuring physical, chemical and electrical para- 
meters of tape. IITRI in its tape studies for NASA had developed 
guideline requirements for each of the parameters listed that are 
conducive to long life in untended sattelite recorders. IITRI 
would perform these lists on all candidate tapes. 

1. Oxide Resistivity 

2. Chlorine Content 

3. Flexibility 

4. Thermal Stability 

5. Lubricant Content 

6. Abrasion Wear 

7. Loop Life 
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8 . 

9. 

10 . 

11 . 

12 . 

13. 

14. 

3.1.2 Preliminary Tape & Coating Thickness Evaluation 

IITRI, using an RCA supplied TR22, a cormercial video recorder, 
modified for short cycle operation and to measure tape dropouts 
would run comparison tests of Che candidate tapes and different 
coating thickness. A test sample would be 45 seconds of tape with 
dropout activity measured over a fixed 33 second section. The extra 
length allowed for initial servo lockup and an overrun margin at the 

end. A cycle or pass could then be accomplished in under 60 seconds. 

• * 

A recorded signal of approximately 200 u in. wavelength was amplitude 
detected for dropout performance. The threshold detector was set at 
40". of peak amplitude and could detect a dropout as small as 140 
nanoseconds. The duration of the dropout was also monitored by 
gating a 10 MHz source to a counter with the dropout pulse. 

It is accepted that the TR22 results are not directly applicable to 
the performance of the WBVTR, but it would provide a separate ba.-.is 
for quickly comparing the relative performance of different tapes and 
lubricant coating thicknesses. 

3.1.3 Surface Lubrication 

IITkl is to coat sample level* for RCA's testing in parallel and the 
final selected thickness would be applied to 10 rolls for life testing 
and flight use. fhe final 10 rolls to be verified for coating uniformitv. 


1 J i ! I F I i » l-l 

Oxide Thickness 
Substrate Thickness 
Back Coating Thickness 
Back Coating Resistivity 
Cupping 

Static Coefficient of Friction 
Dynamic Coefficient of Friction 


3.2 RCA' a Function 
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3.2.1 Tape Supply 

RCA la Co provide for suitable quantities of candidate tapes for 
tcating and to clasalfy and aelect tapes for potential flight use. 
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3.2.2 Compatibility Teats 

The WEVTR is a reel to reel transverse scan recorder with a capacity 
of 2000 feet of 2 inch tape or 30 minutes of recording time (Fig. 1;. 
Flangeless reels used to store the tape are differentially coupled to 
a negator spring system to maintain tape tension. It has two nodes 
of commandable operation. Analog with 3.5 MHz BW or 15 Mb/s Digital 
data. With an operating temperature range from 0° to 45°C, the per- 
formance of the WBVTR is crit.cally dependent on many properties of 
the tape. The use of a surface lubricant should not materially change 
any of the critical tape parameters. RCA will test effects of the 
surface lubricant on: •. 

1 . Mechanical Handling 

a. Capstan slippage due to transfer of the lubricant would 
Increase tracking error. 

b. Coefficients of friction. A significant Increase, real or 
apparent, or the development: of stiction could overload the 
tape drive system. A significant decrease could Increase 
the tape coasting time and make the stopping point unpre- 
dictable. Tape handling and guiding characteristics should 
not be altered by the presence of the lubricant. 

c. Tape pack integrity on the flangeless reels is dependent on 
the tape layer to layer friction to withstand vibration and 
temperature changes. A shift of the tape pack could result 
In severe miscracking and possible damage to the tape. 
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d. Temperature stability. The opor.it ing temperature range of 
the V*'VTR la not expected to tux the* proport lea of the verv 
«t.iMc oil, but lta prattnea on the tape surface must not 
materially alter the nature of the wear products auch that 
the rate of (teneratlon or acoutmilat Ion on the headwheel la 
Increased at the temperature extremea. 

e. Tranaverae loading. rhe rotating headwheel motor ahould 
encounter a minimum Increase In torque loading especially 
at the lower temperatures. 

2. Sign al Response 

rhe purported thickness of coating is predicted not to cause 
anv significant separation losses. Roth longitudinal and trans- 
verse tracks are to be checked for magnetic transparency. He.:d 
buildup of lubricant or wear products will be closely watched, 

RCA is to perform the High Temperature Test on all tape candi- 
dates as an initial qualifier. Compat lbl l l tv tests will be run 
on the same tapes and coating thicknesses as those being ccnslde 
by XITII. 

• ^ ’ape Qualification Vest 


RCA will perform the full qualification test on the final selection 
of tape and coat Ing thickness. 
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4. TEST Rrsrirs 

4.1 Tape S#l#ctJinj 

Initially, the coaeaerclal tape* to he ctfti»l»l#r*d along with the 'V >fTA 
20237 57754 were: 

1. JM-400 k'uad Video 

2 . 'M-500 Instrumentation 
J. AMFEX 175 Quad 

These cossnerclat tape* have * standard oxide coating thickness of 0. '• 
mil compared to 0.2 mil for landsat tape*. rhe thicker tape would de- 
crease the total recording time which i* determined bv a maximum tape 
pack diameter hv l'*, Their use woul.1 also require a rvdlf lest ion of 
the headwheel panel tape *hoe guides to prevent tape pinching. rhe 
ntnv . trer* were requested to produce 0,2 mil coating thickness \er- 
i. ..<ns for landsat . Onlv AMFEX could complv within the tie frame of the 
schedule requirement*. Another tape, a lM-3ol. made for helical scan 
recorder* was available in the proper thickness. It also came with 
impressive credential*, smooth finish and good signal to noise with a 
durability that can withstand .itill scan operation. In addition, another 
recorder program had successful^ used this tape under severe temperature 
extreme*. Hie candidates tapes then to he considered for the landsat 
Program are identified .is: 

1. 1M-KTA 202.17 87784 - A reorder of the previous landsat tape. 

2. AMFEX T-A-OSMI-O? - A thin coating version of their tvpe I’S. 

1. 1M-MTA 8M50 168hl . a transverse oriented version of their tvpe VI. 

As expected. IITRI found up to a r> dP signal level improvement at " MHs 
l200u in wave length' and a much smoother surface finish from th.e AV.OVX 

and 1X-VTA 8ol'0 as compared to the JM-MTA 202 f. This was in part 
confirmed hv K0.A in testing the AMPFX " l< . 
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In the WBVTR, signal Improvement was 1.5 dB at 14 Mil* (I50u In wave 
length). Hie WBVTR la a faster scanning machine than the TR22. Hie 
AMPEX 775, with ve.v few nodules, was very smooth except for an oc- 
casional pin hole. Pin holes are believed to be caused by pockets of 
volatile binder components coming to the surface during the curing 
process. In spite of this, the 775 had 4-5 times lower BF.R (bit error 
rate) than the MTA 20237 87784. 

A comparison of the two MTA 20237' s, the new 87784 against the old 756b l >, 
revealed the 87784 was "rougher" and would exhibit a 2-3 times higher 
initial BER, Hits, however, was not substantiated by later surface 
profilometer tests. The 75669 measured 8.5u In peak to peak surface 
finish while the 87784 measured only 3u in. Rv the time that the new 
MTA 20237 and AMPEX 775 were being subjected to the High Temperature Test 
at RCA, IITRI reported their findings of severe stlctlon on both the 
AMPEX 775 and 3M-MTA 86150 after only 300-600 passes. The failure was 
the same in both cases. After some period of cycling on the FR22, the 
tape would adhere to the stationary elements of the transport and could 
not be moved. Another roll of AMPEX 775 was tested at IITRI and the 
problem was confirmed. Hie WBVTR seemed t k be resistant to the stlctlon 
problem and a deliberate attempt to cause stictlon In the WBVTR was con- 
ducted. After operation at 50°C, a 775 tape was allowed to cool down to 
room temperature without any Cape motion. No evidence of the problem was 
discerned. 

Another sample of 775 tape cycled to 600 passes on the TR22 was installed 
on the WBVTR, Again no problem was noticed. Hie use of roller guides, 
lower tape tension and the lack of reel braking probably makes the WBVTR 
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less prone to develop sttctton then the TK22. ilie problem waa Attributed 
to the nitre smoothness of the new tapes which wea further accentuated hv 
the burnishing action of several hundred peaaea. fhe phenomena then peaa 
related could be expected to occur In the WBVTK at a later stage. A 
mlcroacoplc examlnat ton of 77^ tape that had aeen 600 paaaea allowed that 
aurtace damage la occur tng before atlctlon la noticed, A trial aurtace 
lubricant waa tried on one of theae tapea and tended to enhance the problem 
rather than reduce It. Both the AMPEX 77N and JM-MTA BftlM) were dropped 
from anv further eonatderat Ion and no lurther teat Inn was performed on 
theae tapea. Effort then concentrated on evaluating lubricant thlckneaa 
level a on the IM-MTA 20237. 

Lubricant thickness Evaluation 
.1 Sample Level Teat i nn At RCA 

A tape from the Landaat B atock, an MTA -’0237 7*M't>‘>, waa trial coated 
to the propoaed four level* ot lubricant thlckneaa to check the coating 
machine aetup. Iltla tape waa evaluated at RCA aa .» preview ol events. 
Level l (thlnneat), level 2 and Level 4 t thickest!, each three minutes 
long, were cycle tested for over 1M' passes. It waa encouraging to 
find that no signal loss or tape handling tendencies existed in anv 
of the samples. Level 1 waa omitted because progressive differences 
between level samples could not be detected. 

flic formal teat waa run with a tape from the MTA 20237 87784 stock 
which waa coated to the same four levels, IVo separate samples were 
produced to penult parallel evaluation by HTR1 and RilA . WHVTR testing 
of Levels l and 4 started with three minute test sections which were 
eve lad to 420 and nOO passes respectively. Again no tape performance 
deficiencies were noticed in either sample. Differences between the 
two levels were not distinguishable by either appearance or performance. 


Hie test cycle was shortened to one minute and the Level l and 4 
samples were tested for an additional 3000 plus passes each. The 
results were the same, no dlst lngulshabln differences were seen be- 
tween the two levels. An untreated sample was then Installed and 
cycled tested to 3000 passes. Ti.e only difference now seen between 
the treated and untreated tape was the appearance of the oxide ac- 
cumulation on the rim of the headwheel. With the treated tape these 
oxide deposits tended to have a vet look or a smeary appearance. The 
amount of deposits were small in all cases and never developed to a 
destructive point. Tills was substantiated by the low BER's at the 
end of testing, from all of the samples, which Indicated that no tape 
deterioration was taking place. 

The WBVTR testing philosophy for sample evaluation was strictly a 
negative one. The samples of various coating levels were scrutinized 
carefully for compatibility of operation in ue WBVTR, Performance 
differences in signal levels, frequency response, tape guiding, servo 
tracking jitter, headwheel Jitter and debris accumulation were re- 
viewed. Life improvement of the tape was to be evaluated with the 
TR22 and the final life test. 

4.2.2 Sample Testing At 1ITK1 

IITRI tested untreated and Levels 3 and 4 coated samples of the MTA 
20237 on the TR22. The testing was begun on the untreated tape. The 
tape was run for 1500 passes with dropout measurements conducted at 
various intervals during the test. The total number of dropouts and 
their average duration were recorded (Figures 2 and 3^ . The data 
was averaged over 10 runs for an interval measurement. After 1500 
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Number Of Passes 

FIGURE 2 NUMBER OF DROPOUTS VS NUMBER OF PASSES 

TAPE TYPE MT A - 20237 



No Krytox CocTmg 1st Test 
No Krytox Coating 2nd Test 
# 3 Krytox Coating 
#■ 4 Krytox Coating 


Number Of Passes 


figure 3 AVERAGE DURATION OF DROPOUTS VS NUMBER OF PASSES 

TAPE TYPE MTA - 202 3 7 


passes, the dropout count increased to 15 times the minimum. The 
next a Ample tested van coated to Level 3. After 1500 passes the 
dropout count had only Increased 2.5 times. The testa were repeated 
with a new headwhrcl panel because of problems of acabllltv with the 
old headwheel panel. Tills time It was decided to extend the testing 
bevond 1500 passes and Increase the lubricant coating to Level 4. 

For the second run, the untreated tape had a 5.5 time dropout growth 
after approximately 3000 passes. The Level 4 sample showed a somewhat 
flat dropout growth even out to 10,000 passes. With a 5000 count taken 
as an indication of end of life, the treated tape showed at least a 
six times Improvement In life. 

Based on this performance, the surface lubricant thickness of Level 4 
was selected for final testing. 

2.3 High Temperature Te s t, L eve l 4 * 

The Level 4 coating of the MTA 20237 tape was given a final confir- 
mation with the High Temperature Test in the WBYTR. Hie remaining 
sample. Just three minutes long, was subjected to 2 cycles of room 
ambient to 50°C temperature change. Testing was extended for a longer 
than normal period and passes were accumulated. Examination of 
the headwheel showed Increased amounts ot oxide debris had collected 
on the headwheel rim at the end of the cycling. Tills is somewhat to 
be expected considering the prolonged time of operation at 50°C. 

3 Characterisation Tests 

It was decided not to perform the characterisation tests on the two 
commercial tapes that developed adhesion problems, instead, the tests 
would be performed on the MTA 20237 tape before and after treatment 
with the surface lubricant. These results are shown in Table l. 


4.3.1 Oxide Resistivity 


The specification for oxide resistivity states that the res'stlvlty 
shall be between 5 and 300 Megohms per square. The test result of 
untreated and treated 3M MA 20237 tape Indicates an average of 0.234 
and 0.212 megohms per square respectively. The low range had origin- 
ally been established for Iron oxide formulations in which excessive 
carbon was found to severely weaken the binder. In these cases, the 
carbon was observed as one of the constituents of debris which ac- 
cumulated. 3M MTA 20237 tape exhibited resistivity significantly 
lower than the minimum specified. The MTA 20237 samples thus failed 
the oxide resistivity test. 

4.3.2 Chlorine Content 

Tape types exhibiting a chlorine content show increased adhesive 
interaction with various head materials. In addition, its presence 
or the possible formation of decomposition products could accelerate 
degradation of either the head surface or the binder polymer itself. 
The test result of 3M MTA 20237 tape indicates no chlorine content. 

4.3.3 Flexibility 

The stiffness of magnetic tape is a factor in predicting the tendency 
to produce oxide binder debris. It has been determined that the more 
flexible tapes were less likely to generate debris. The existing 
specification for half inch tapes with nominal base thickness 1.0 mil 
should not be less than 30 degrees deflection. The test result of 
3M MTA 20237 tape indicated a 60.75° deflection (based on V' width). 
The MTA 20237 passed this test. 
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4.3.4 Thermal Stabilit y 

The upper operating temperature limit was found to be one of 
the most critical factors encountered In both the frictional 
and debris performance of the heads and tape. Several failure 
mechanisms. Including binder softening and deposition of melted 
or plasticized debris on the head, were observed during the high 
temperature test performed at 175°C, A loss of surface shine and 
base shrinkage was observed, but no adhesion was noted. 

4.3.5 Lubricant Conte nt 

Lubricant content should be between 1.07. and 2.07. of the total 
weight of the binder system. Including oxide. The test result 
of 3M MTA 20237 tape lubricant content is 1.297 which falls within 
specified limitations. The lower limit of percent lubricant content 
Is necessary to obtain the desired reduction In coefficient of fric- 
tion, while excessive quantities are believed to be a factor in 
weakening the Integrity of the binder polymer system. 

4.3.6 Abrasive Wear 

Hie test Is designed to obtain information about the susceptibility 
of magnetic tapes to surface damage, Independent of tests performed 
on loop and reel-to-reel transports. The number of passes required 
to remove the oxide will provide a measure of the tape's susceptibility 
to abrasive wear. The test result of untreated 3M MTA 20237 tape 
Indicated an average of 1477 and 8433 passes respectively. The 
factor of six increase in abrasive wear between coated and uncoated 
samples is a relative indication of the increased durability when 
tapes are surface lubricated. 

4.3.7 Loop Life 

The test is designed to test rapidly, under controlled conditions, 
the durability of sample tapes as well as the headwear caused bv the 
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tape on a known head. Both treated and untreated tapes, 54 inches 
in length, were tested. Chrome heads were used. Tests were run at 
a tape tension of 8 o*., with a tape speed of 30 ips and a wrap 
angle of 15°. At the end of 330,000 passes with the untreated tape, 
the oxide particles started loosening and production of wear products 
was pronounced. The head was profiled and it had an average of 15u 
inch headwear. The treated tape tested under the same condition showed 
no observed particle loosening and no measureable headwear. 

4.3.8 Static and Dynamic Coefficient of Friction 

The values of static and dynamic coefficient of friction are used to 
calculate the critical stick slip speed of the various types of tapes. 
In addition, these values are utilised to calculate the head pressure. 
The storage and retrieval of Information retrieval of information 
requires intimate contact between the tape and head. The head pressure 
is a function of tape tension, wrap angle, head radius and coefficient 
of friction. The existing specification for static and dynamic coeffi- 
cient of friction between the media and head surface is 0.40 + 107. 
respectively. The treated 3>1 MTA 20237 tape has static and dynamic 
coefficients of friction 0.397 and 0.375 respectively which is within 
the specified range. 

4.3.9 Cupping 

Cupping is defined as the transverse curvature of a strip of tape 
viewed "end on". It is found to be due to a differential absorption 
of moisture by base film and coating. Cupping affects the winding 
properties of the tape width. More importantly, it is not possible 
to ensure the essential intimate contact between tape and head 
across the tape when pronounced cupping is present without subject- 
ing the tape to undesirable tension during use. The specification 
for differential cupping shall not exceed 1°. The result indicates 
a differential cupping 0.1S° which is within accepted levels. 
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.3,10 Tape Par amet ers 


Additional testing was performed on the MTA 20237 to define the 
standard tape parameters. 


Oxide surface finish 5u inch 

Saturation Induction, Bra 957.7 

Residual Induction, Br 729 

Coerclvlty, He 262 

Squareness Ratio, Br/Bm 0.76 


Magnetic properties measured In the direction of orientation using 
a field strength of 1000 oe. 
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TAPE EVALUATION RESULTS (3>1 MTA 202373 


Criteria 

Untreated 

rreated 

Oxide Resistivity (M /sq' 

0.234* 

0.212* 

Chlorine Content 

None 


Flexibility (decreed! 

60.75 


Thermal Stability 

Passed 


Lubricant Content (*> 

1.24 


Abrasive Wear 

(No. of Passes' 

1477 

9433 

Head Wear (u ini 

15 

0 

(330K Passes' 

Oxide Thickness (u in' 

190 


Substrate Thickness (u in' 

930 


Packcoating Thickness (u in' 

4.23 


Rackcoating Resistivity (K /sq' 

0.15 


Cupping (degrees' 

0.15 


Static Coefficient in Friction 

0.46* 

0.397 

Dynamic Coefficient of Friction 

0.44 

0.375 


♦Failed Guideline Criteria 
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4.4 Final Qualification Tot fug 
4.4.1 Tapa Pack Vibration 

The WBVTR uses flangeless reels for Che storage of tape and Is 
dependent upon the layer to laver friction to maintain the 
Integrity of the tape pack. To minimize the forces of launch 
vibration on the tape pacha, WBVTR operating procedure calls 
for a Launch Mode configuration that requires a reel through 
Co eliminate tension transients due to starts and stops and a 
final positioning at middle of tape to equalize the amount 
stored on both reels. 

A separate test was conducted to assess the effe< t of the surface 
lubricant on the tape pack stability. Another MTA 20237 87784 
tape was coated to the same *>4 level as the final qualification 
test tape. When received, the tape was allowed a 24 hour period 
to adjust to the temperature and humidity conditions of the 
laboratory. The tape was then wound through twice on a tape 
winder before being loaded onto the WBVTR. Three reel throughs 
were then performed to develop the proper tension pattern and 
then the tape packs were equalized. The tape was cut and the 
ends secured to the tape packs. The two rolls of tape with 
their respective reel hubs were transferred to a vibration 
fixture (Fig. 4) and subjected to a 2-axes sine and random 
vibration of Qualification level. Since the fixture has a 
transmissibill tv of one, the output frequency /G levels were 
adjusted to reflect the transmissibllity of the actual Landsat 
tape deck (Fig. 5, 6, 7, 8). The "A” mode of vibration was 
parallel to the reel axes and i3 the worse case for tape shift. 
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The "B" mode is perpendicular Co Che reel axes and represenCs Che 
ChrusC direction of Che spacecrafC during launch. The resulCs 
were encouraging as no Cape drop or shifC was experienced. 

4.4.2 LubrlcanC Thickness MeasuremenC 

IC was obvious ChaC a separaCe means dlsClncC from Che coadng 
machine parameCers be available Co measure or deCermine Che 
acCual Chickness of Che surface lubrlcanC. Since Che appllcaCor 
machine is only capable of coaClng one Cape aC a Cime and the 
proposed commitment of Capes Co be coaCed for later flighc use 
could span a wide time period, verification of coating Chickness 
was essential. A measurement technique was developed using an 
Ion Probe/Mass Spectrometer. 

Theory of Operation - The test specimen is bombarded by oxygen 
ions and the surface is removed by sputtering. The secondary 
ion emission is collected and monitored with a mass spectrometer. 
The area scanned is 150 x 200 microns using an ion spot size of 
approximately 10 microns. Five measurements are made in a given 
area and averaged for the final reading. For Krytox, the mass 
spectrometer is tuned for the element fluorine. The calibration 
reference for sputtering efficiency or rate of removal was per- 
formed on a solid block of Teflon. This reference method puts 
the absolute accuracy in question but does not detract from the 
measurement technique as a basis for comparing relative thickness 
of coatings. 
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The tape designated for the tape Quallf icatlon Testing (MTA 20237 
87784 02 000K) was coated to the #4 level. Samples were removed 
from either end of tape for coating measurements. The results 
are shown for reference. 

LUBRICANT THICKNESS MEASUREMENT 

o 

Start End 35A (0.14u In) 

o 

Finished End 75A (0.30 u in) 

Final value is the average of five separate measurements. 

4.4.3 Temperature Testing 

The full roll of Krvtox Level 4 treated tape, MTA 20237 87784 02 
000K, was Installed on the WBVTR. A new headwheel panel, S/N 555 
with an initial pole tip protrusion of 2.08 mils was used to 
duplicate actual start conditions. Baseline tests were run for 
reference measurements. A temperature test was run initially to 
expose the tape to 45°C and to confirm prior results. Low temper- 
ature testing was done at 0°C to evaluate possible increased loading 
from the lubricant and general operation. The WBVTR was operated 
for four hours at each temperature. Results were considered typical 
for the WBVTR at these temperatures. 

4.4.4 Life Test Cycling 

An initial 10 minute cycle was selected to allow pass accumulation 
to occur at a faster rate than cycling the full 30 minutes. The 
remaining 20 minutes would be cycled tested in a second phase of 
the life test. BER runs and visual observations of the headwheel 
were periodically performed to monitor the progress of the life 
test. The BER runs were reduced to average values for the full 
10 minute run and the results are shown in Figure 9. After 2500 
passes, the headwheel panel was removed to make a scheduled head 
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protrusion MaiurtMnt for wear rate determination, The pole tip 
protrusion was found to be 1.48 rails, representing a loss of 0.60 
rails since the start of the test. Since 428 hours had elapsed 
for the 2500 passes, this equaled to a wear rate of 140u ln/100 hr. 

Tills wear rate projected meant the heads would barely last 1000 hours. 
Qualifying tape tests for Landsat A 6 It had Indicated long terra wear 
rates on the order of 30u ln/100 hrs. The high wear explains whv a 
record current adjustment was needed utter 1200 passes to optimise 
hFK performance. 

5. Comparative We ar Te sting 

Additional cycle testing was performed to pinpoint the source of 
high wear. 

5.1 Untre ated Tap e 

An untreated MTA 20237 87784 02 000J, selected becau.- e of Its adjacency 
in the web to 02 000K, was evcle tested over a 10 minute section to 
determine the Innate wear properties of the 8 7 784 tape lot. During 
the test, record current adjustment was required three times. At 
the end of only 540 passes or 40 hours, the signal performance had 
degraded significantly. Measurements showed that the pole tip 
protrusion was only 0.t>t> mils. For the short time of this test, 
the wear rate was a phenomenal 770u in/100 hr. Hie conclusion was 
that the 87784 tape lot was quite different in head wear properties 
than the earlier 756o4 even though they shared the same MTA 20237 
formulation and manufacturing processes. The resultant head wear 
rate was extraordinarily higher, on the order of 20-25 times the 
earl ter tape lot. The effect of the Krvtox surface lubricant was 
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Co reduce Che wear race Co less Chan 2(T. of Che untreated Cape. 
Unfortunately , Che rcsulCanC wear race was sClll almosC 5 tines 
higher Chan ChaC experienced wlch Che old 75669 Cape loC. 

5.2 Reference Tape 

A MTA 20237 75669 02 010C Cape, from Che LatidsaC R Program, was 
lnscalled Co duplicate Che earlier life CesC data which yielded 
such low head wear rates. Confirmation would eliminate recorder 
and headwhecl panel factors as contributors to the present high 
wear races. A 10 minute section was cycled in the .lame manner 
as the life tests Just performed. Interim wear measurements as 
well as the final were taken and the results are shown below. 

Hie wear rates shown are calculated as If wear rate was a constant. 

HEAD WEAR RATES - MTA 20237 75669 




WEAR RATE 

PASSES 

HOURS 

u in/100 Hr 

642 

107 

93 

1086 

181 

77 

1470 

245 

57 


The final reading of 57 u in/100 hr. proved that the 75669 was a 
low abrasivity tape and that the 87784 was not. 
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Conclusion* 


Th three tapes considered as candidates for the Landsat Program 
all proved to he unsatisfactory. The two commercial type tapes, 
the AMPEX 775 and the 3M MTA 8bl50 possessed superior signal to 
noise qualities, but uniformly developed adhesion problems after 
300-600 passes. Although the tendency to adhere to stationary 
transport elements was not detected In the WIU’TR, the potential 
danger eliminated these two tapes. The 87784 lot of tape had 
abrasive properties that were not typical of the 3M MTA 20237 
formulation. The abrasiveness of this tape went undetected In 
the preliminary testing because of the nature of those Initial 
tests. Tape tests that use short sections to accumulate a high 
number of passes in a short period of time do not tend to yield 
good head wear data. An Illustration of this is the tost where 
10,000 passes performed on a treated tape in the TR22 required 
only 125 hours of head tape time. The presence of the Krytox 
surface lubricant also tended to conceal the high head we .r 
condition. The head life extension potential af the surface 
lubricant was established with a 5 to 1 lower head wear rate of 
the treated tape as compared with the untreated tape. The Krytox 
surface lubricant gave positive results In all the areas investigated, 
neleter'ous effects on tape guiding and handling under temperature 
and vibration were undetectable and the loss of signal response was 
minimal. The tape life extension properties of the surface lubricant 
were never developed in the Wltt'TR testing. The projected results, 
even with the lowered head wear rate fell short of the 1500 hour 
goal and forced a cessation of thu life test. If the decreased head 
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wear 1* attributed to Che lowering of the wc-k function at the 
head t4pe Interface, then a significant tape life Increase can 
he expected. Therefore, the Krytox tape surface lubrication 
process still rsnelns a promising tool for extending the 
head-tape life of a known recorder system. 


